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DETAILED ACTION 

This Office Action is in response to the Applicant's application filed on July 7, 2003. 

Claim Rejections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1-20 are rejected under 35 U.S.C. 102(b) as being anticipated by Lee et 
al (5,991,249). 

As to claim 1 , Lee et al disclose a quasi-monochromatic light source (102) 
disposed on a surface of a planar substrate (104) facing the encoder scale (107); a 
plurality of optical detectors (103) and (400) with detector elements (404), (405), and 
(406) disposed on the surface of the substrate at respective locations defining 
respective optical paths between the optical detectors (103), and (400) with detector 
elements (404), (405), and (406) and respective tracks (periodic tracks) with track of 
marks (302), (column 3, lines 37-38) of the encoder scale (107); and an optical 
wavefront dividing element (12) disposed between the substrate and the encoder scale 
(107), the optical wavefront dividing element (12) being operative to divide an incident 
light beam (105) produced by the light source (102) into a plurality of diffracted light 
beams (106), each diffracted light beam (106) being directed toward a respective track 
of the encoder scale (107) at a respective angle so as to be reflected from the 
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respective track with track marks (302) along the optical path to the respective detector 
(103) and (400) with detector elements (404), (405), and (406), (see Abstract, fig. 1, 
column 1, lines 24-65, fig. 2, fig. 3, column 3, lines 27-53, column 4, lines 4-41). 

As to claim 2, Lee et al disclose the quasi-monochromatic light source (102) 
comprises a vertical cavity surface emitting laser (VCSEL) or (LED), (see Abstract, fig. 
1 , column 1 , lines 24-26, fig. 2, column 3, lines 27-37). 

As to claim 3, Lee et al disclose the quasi-monochromatic light source (102) 
emits an expanding cone of light, (see fig. 2, column 2, lines 11-31, column 3, lines 27- 
35). 

As to claim 4, Lee et al disclose the plurality of optical detectors (103) and (400) 
with detector elements (404), (405) and (406) include two detector optical detectors 
(404) and (405) disposed on opposite sides of the light source (401), (see fig. 4, column 
4, lines 5-41). 

As to claim 5, Lee et al disclose wavefront dividing element (12) comprises a 
diffractive optical element (DOE) disposed on a second substrate, (see fig. 1, column 1, 
lines 24-67. 

As to claim 6, Lee et al disclose DOE (diffractive optical element) (12) comprises 
a layer of material having a thickness selected to introduce a substantially half-wave 
delay derived from equation (ZQ> = 4N*T 2 /WAVE) in light (105) passing through the DOE 
(12), (see fig. 2, column 3, lines 46-66, column 4, lines 1-4, fig.4, column 4, lines 5-41). 

As to claim 7, Lee et al disclose the DOE comprises a grating having a square 
wave profile, (see column 4, lines 42-47). 



Application/Control Number: 10/614,535 Page 4 

Art Unit: 2878 

As to claim 8, Lee et al disclose the DOE comprises a grating having a triangle 
wave profile (510) and (512), (see fig. 5, column 4, lines 42-49). 

As to claim 9, Lee et al disclose DOE comprises a grating having a sine wave 
profile (610) and (612), (see fig. 6, column 4, lines 50-57). 

As to claim 10, Lee et al disclose the second substrate further includes a plurality 
of windows, each window (402) lying along a corresponding one of the optical paths 
(106) between the tracks of track marks (302) on the encoder scale (107) and the 
detectors (103) and (400) with detector elements (404), (405) and (406), (see fig. 2, fig. . 
3, column 3, lines 27-65, fig. 4, column 4, lines 5-40). 

As to claim 1 1 , Lee et al disclose a second substrate comprises a substantially 
optically transparent material (302), (304), (412) and (414) having a low coefficient of 
thermal expansion, (see fig. 1, column 1, lines 54-61, fig. 4, column 4, lines 5-41). 

As to claim 12, Lee et al disclose the second substrate is coated with optically 
transparent material (302), (304), (412) and (414) having an index of refraction n 
different from that of air, (see fig. 1 , column 1, lines 54-61 , fig. 2, column 3, lines 35-50, 
fig. 4, column 4, lines 5-25). 

As to claim 13, Lee et al disclose the optically transparent material (302), (304), 
(412), and (414) comprises a dielectric material (107), (see fig. 2, fig. 3, column 3, lines 
27-65, fig. 4, column 4, lines 5-42). 

As to claim 14, Lee et al disclose dielectric material (107) has a refractive index 
close to the refractive index of the second substrate, (see fig. 2, column 3, lines 27-65). 
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As to claim 15, Lee et al disclose a sensor head (104) including a substrate and 
beam divider (12), the beam divider including an optical wavefront dividing element (13) 
and (17), the substrate having a light source (11) or (102) and first and second optical 
detectors (18), or (103), or (400) with detector elements (404), (405) and (406) disposed 
thereon; an encoder scale (107) including first and second tracks of track marks (302), 
the encoder scale (107) being disposed opposite the sensor head (104) with the beam 
divider (12) therebetween such that a light beam (105) emitted by the light source (11) 
or (102) is incident on the wavefront dividing element (12), the wavefront dividing 
element (12) being operative to divide the incident beam (105) into first and second 
beams (105) and (106) being substantially incident on the first and second tracks of 
track marks (302) of the encoder scale (107) respectively, light from the first beam (105) 
being reflected and diffracted by the first track to the first optical detector, and light from 
the second beam (106) being reflected and diffracted by the second track to the second 
optical detector (18), or (103), or (400) with detector elements (404), (405) and (406); 
and a signal processor (404) and (405) operative to interpret signals (S1) and (S2) from 
the first and second detectors (18), (103), and (400), (see fig. 1, column 1, lines 24-67, 
fig. 2, fig. 3, column 3, lines 27-66, fig. 4, column 4, lines 5-41). 

As to claim 16, Lee et al disclose a sensor head (104) including a substrate 
having a light source (1 1) or (102) and first and second optical detectors (18), (103), 
(400) with detector elements (404), (405), and (406) disposed thereon; and encoder 
scale (107) including first and second tracks with track of marks (302); and a wavefront 
dividing element (12) disposed between the sensor head (104) and the encoder scale 
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(107), the wavefront dividing element (12) being operative to divide an incident light 
beam (105) emitted by the light source (1 1) or (102) into first and second beams (105) 
and (106), the first beam (105) being incident on the first track (302) of the encoder 
scale (107), the second beam (106) being incident on the second track (302) of the 
encoder scale (107), light from the first beam (105) being reflected and diffracted by the 
first track (302) to the first optical detector (18), or (103), or (400) with detector elements 
(404), (405) and (406), light form the second beam (106) being reflected and diffracted 
by the second track (302) to the second optical detector (18), or (103), or (400) with 
detector elements (404), (405), and (406), (see fig. 1 , column 1 , lines 24-67, fig. 2, fig. 
3, column 3, lines 27-66, fig. 4, column 4, lines 5-41). 

As to claim 17, Lee et al disclose a wavefront dividing element (12) is disposed 
on a substrate of the beam divider disposed between sensor head (104) and the 
encoder scale (107), (see fig. 1, column 1, lines 24-67, fig. 2, fig. 3, column 3, lines 27- 
45). 

As to claim 18, Lee et al disclose the substrate of the beam divider (12) is fixed 
relative to the substrate of the sensor head (104), (see fig. 1, column 1, lines 24-27), 
(see fig. 2, column 3, lines 26-37). 

As to claim 19, Lee et al disclose the substrate of the beam divider (12) and the 
substrate of the sensor head (104) are fixed into a single monolithic construction, (see 
fig. 1, column 1, lines 24-67, fig. 2, column 3, lines 27-45). 

As to claim 20, Lee et al disclose the encoder (101) including a scale (107), the 
scale (107) being movable relative to the sensor head (104) along a first axis, a 
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distance (Z<t>) or (Zi) between the scale (107) and the sensor head (104) as measured in 
a direction substantially perpendicular to the first axis being substantially constant, the 
encoder (101) generating a signal (S1) and (S2) representative of a position of the scale 
(107) relative to the sensor head (104), the scale (107) including a first track (302) and a 
second track (302), the sensor head (104) comprising a substrate, a light source (1 1) or 
(102), a first optical detector (18), (103) or (400) with detector elements (404), (405), 
and (406), a second optical detector (18), (103), or (400) with detector elements (404), 
(405), and (406), and a beam divider (12) including an optical wavefront dividing 
element (12), the light source (1 1) or (102) being disposed on the substrate, the beam 
divider (12) being spaced apart from and fixed relative to the substrate, an emitted light 
beam (105) emitted from the light source (1 1) or (102) being incident on the wavefront 
dividing element (12), the wavefront dividing element (12) dividing the emitted light 
beam (105) into a first light beam (105) and a second light beam (106), the first light 
beam (105) being incident on the first track (302), the second light beam (106) being 
incident on the second track (302), light (105) diffracted from the first track (302) being 
incident on the first optical detector (18), (103), or (400) with detector elements (404), 

(405) , and (406), light (106) diffracted from the second track (302) being incident on the 
second optical detector (18), (103), or (400) with detector elements (404), (405) and 

(406) , (see fig. 1, column 1, lines 24-67, fig. 2, fig. 3, column 3, lines 27-66, fig. 4, 
column 4, lines 5-41). 
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Claims 1-20 are rejected under 35 U.S.C. 102(b) as being anticipated by Lee et 
al (US 2003/0010906 A1). 

As to claim 1 , Lee et al disclose a quasi-monochromatic light source (302) 
disposed on a surface of a planar substrate (304) facing the encoder scale (307); a 
plurality of optical detectors (303), (312), (314) and (309) disposed on the surface of the 
substrate (303) at respective locations defining respective optical paths between the 
optical detectors (303), (312), (314) and (309) and respective tracks (308), (309) and 
(310) of the encoder scale (307); and an optical wavefront dividing element (504) 
disposed between the substrate (304) and the encoder scale (307), the optical 
wavefront dividing element (504) being operative to divide an incident light beam (305) 
and (503) produced by the light source (302) and (501) into a plurality of diffracted light 
beams (305), (306), (503) each diffracted light beam (305), (306) and (504) being 
directed toward a respective track of the encoder scale (307) at a respective angle so 
as to be reflected from the respective track (308), (309), and (310) along the optical 
path to the respective detector (312), (314), and (316), (see fig. 1, paragraph [0039], 
lines 1-7, fig. 3(a), paragraph [0056], lines 1-17, fig. 3(b), paragraph [0057], lines 1-16, 
fig. 5(a), paragraph [0061], lines 1-10). 

As to claim 2, Lee et al disclose the quasi-monochromatic light source (302) 
comprises a vertical cavity surface emitting laser (VCSEL), (see fig. 3(a), paragraph 
[0056], lines 1-18). 

As to claim 3, Lee et al disclose the quasi-monochromatic light source (302) 
emits an expanding cone of light (305), (see fig. 3(a), paragraph [0056], lines 1-18). 
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As to claim 4, Lee et al disclose the plurality of optical detectors (303), (312), 
(314), and (316) include two optical detectors (303) disposed on opposite sides of the 
light source (302), (see fig. 3(a), [0056], Iines1-18). 

As to claim 5, Lee et al disclose wavefront dividing element comprises a 
diffractive optical element (DOE) (504) and (604) disposed on a second substrate, (see 
fig. 5(a), paragraph [0061], lines 1-11, fig. 6(a), paragraph [0056], 1-14). 

As to claim 6, Lee et al disclose DOE (diffractive optical element) (504) and (604) 
comprises a layer of material having a thickness selected to introduce a substantially 
half-wave delay (t/2) derived from equation (P(x) = 2"/f F X2 ) in light (503) passing through 
the DOE (504), (see fig. 5(a), paragraph [0061], lines 1-11, paragraph [0062], lines 1- 
12). 

As to claim 7, Lee et al disclose the DOE (504) comprises a grating (506) having 
a square wave profile, (see fig. 4(c), paragraph [0059], lines 1-7fig. 5(a), paragraph 
[0061], lines 1-15, paragraph [0062], lines 1-12,). 

As to claim 8, Lee et al disclose the DOE (504) comprises a grating (506) having 
a triangle wave profile (414), (see fig. 4(b), paragraph [0059], lines 1-7, fig. 5(a), 
paragraph [0061], Iines1-11, fig. 5(b), paragraph [0062]), lines 1-12). 

As to claim 9, Lee et al disclose DOE (504) comprises a grating (506) having a 
sine wave profile (410), (see fig. 4(a), paragraph [0061], lines 1-7, fig. 5(a), paragraph 
[0061], lines 1-11, fig. 5(b), paragraph [0062] ), lines 1-12).. 

As to claim 10, Lee et al disclose the second substrate further includes a plurality 
of windows, each window (504) lying along a corresponding one of the optical paths 
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(503) between the tracks (308), (309), and (310) on the encoder scale (307) and the 
detectors (312), (314), and (316), (see fig. 3(a), paragraph [0059], lines 1-18, fig. 5(a), 
paragraph [0061], lies 1-14, paragraph [0062], lines 1-12). 

As to claim 1 1 , Lee et al disclose a second substrate comprises a substantially 
optically transparent material (505) having a low coefficient of thermal expansion, (see 
fig. 5(a), paragraph [0062], lines 1-12). 

As to claim 12, Lee et al disclose the second substrate is coated with optically 
transparent material (505) having an index of refraction n different from that of air, (see 
fig. 1, paragraph [0044], lines 1-9, paragraph [0046], lines 1-14, fig. 7(a), paragraph 
[0070], lines 1-6, fig. 7(b), paragraph [0071], lines 1-8, fig. 8(a) - fig. 8(c), paragraph 
[00075], lines 1-9, fig. 9(a), paragraph [0079], lines 1-14). 

As to claim 1 3, Lee et al disclose the optically transparent material comprises a 
dielectric material (307), (see fig. 3(a), paragraph [0056], lines 1-18, fig. 8(a) - 8(c), 
paragraph [0074], lines 1-10, paragraph [0075], lines 1-9, fig. 9(a), paragraph [0079], 1- 
14). 

As to claim 14, Lee et al disclose dielectric material (307) has a refractive index 
close to the refractive index of the second substrate, (see fig. 3(a), lines 1-17, fig. 9(a), 
paragraph [0079], lines 1-14). 

As to claim 1 5, Lee et al disclose a sensor head (304) including a substrate and 
beam divider, the beam divider including an optical wavefront dividing element (504), 
the substrate having a light source (302) and (501) first and second optical detectors 
(303), and (507) disposed thereon; an encoder scale (307) including first and second 
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tracks (308), (309), and (310), the encoder scale (307) being disposed opposite the 
sensor head (304) with the beam divider (504) therebetween such that a light beam 
(305) or (503) emitted by the light source (302) or (501) is incident on the wavefront 
dividing element (504), the wavefront dividing element (504) being operative to divide 
the incident beam (305) or (503) into first and second beams (305), (306), and (503) 
being substantially incident on the first and second tracks (308), (309, and (310) of the 
encoder scale (307) respectively, light from the first beam (305) or (503) being reflected 
and diffracted by the first track to the first optical detector (303) and (507) with detector 
elements (312), (314) and (316) and light from the second beam (306) or (503) being 
reflected and diffracted by the second track (308), (309) and (310) to the second optical 
detector (303) and (507) with detector elements (312), (314), and (316); and a signal 
processor operative to interpret signals from the first and second detectors (303) and 
(507) with detector elements (312), (314), and (316), (see fig. 3(a), paragraph [0057], 
lines 1-15, fig. 5(a), paragraph [0061], lines 1-11), paragraph [0062], lines 1-12). 

As to claim 16, Lee et al disclose a sensor head (304) including a substrate 
having a light source (302) or (501) and first and second optical detectors (303) and 
(507) with detector elements (312), (314), and (316) disposed thereon; and encoder 
scale (307) including first and second tracks (308), (309) and (310); and a wavefront 
dividing element (504) disposed between the sensor head (304) and the encoder scale 
(307), the wavefront dividing element (504) being operative to divide an incident light 
beam (305) and (503) emitted by the light source (302) and (501) into first and second 
beams (305), (306), and (503), the first beam (305) or (503) being incident on the first 
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track (308), (309) or (310) of the encoder scale (307), the second beam (306) being 
incident on the second track (308), (309), or (310) of the encoder scale (307), light from 
the first beam (305) or (503) being reflected and diffracted by the first track (308), (309), 
or (310) to the first optical detector (303) or (507), light from the second beam (306) 
being reflected and diffracted by the second track (308), (309) or (310) to the second 
optical detector (303), (507), (312), (314), and (316), (see fig. 3(a), paragraph [0056], 
lines 1-17, fig. 3(b), paragraph [0057], lines 1-15, fig. 5(a), paragraph [0061], lines 1-14, 
paragraph [0062], lines 1-12). 

As to claim 17, Lee et al disclose a wavefront dividing element (504) is disposed 
on a substrate of the beam divider (506) disposed between sensor head (304) and the 
encoder scale (307), (see fig. 3(a), paragraph [0056], lines 1-17, fig. 5(a), paragraph 
[0061], lines 1-14, paragraph [0062], lines 1-12). 

As to claim 18, Lee et al disclose the substrate of the beam divider (506) is fixed 
relative to the substrate of the sensor head (304), (see fig. 3(a), paragraph [0056], lines 
1-17, fig. 5(a), paragraph 1-14, paragraph [0062], paragraph 1-13). 

As to claim 19, Lee et al disclose the substrate of the beam divider (506) and the 
substrate of the sensor head (304) are fixed into a single monolithic construction, (see 
fig. 3(a), paragraph [0056], lines 1-17, fig. 5(a), paragraph [0061], lines 1-14, paragraph 
[0062], lines 1-12). 

As to claim 20, Lee et al disclose the encoder (301) including a scale (307), the 
scale (307) being movable relative to the sensor head (304) along a first axis, a 
distance (Z<t>) or (Z0 between the scale (307) and the sensor head (304) as measured in 
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a direction substantially perpendicular to the first axis being substantially constant, the 
encoder (301) generating a signal representative of a position of the scale (307) relative 
to the sensor head (304), the scale (307) including a first track and a second (308), 

(309) and (310), the sensor head (304) comprising a substrate, a light source (302) or 
(5012), a first optical detector (303) and (507) with detector element (312), (314), and 
(316), a second optical detector (303), (507), with detector elements with detector 
elements (312), (314), and (316), and a beam divider (506) including an optical 
wavefront dividing element (504), the light source (302) and (501) being disposed on 
the substrate, the beam divider (506) being spaced apart from and fixed relative to the 
substrate, an emitted light beam (305) and (503) emitted from the light source (302) and 
(501) being incident on the wavefront dividing element (504), the wavefront dividing 
element (504) dividing the emitted light beam (305) and (503) into a first light beam 
(305) and a second light beam (306), the first light beam (305) being incident on the first 
track (308), (309) and (310), the second light beam (306) being incident on the second 
track (308), (309) and (310), light (305) diffracted from the first track (308), (309) and 

(310) being incident on the first optical detector (303), (507) with detector elements 
(312), (314), and (316), light (306) diffracted from the second track (308), (309) and 
(310) being incident on the second optical detector (303), (503), with detector elements 
(312), (314) and (316), (see fig. 1, paragraph [0039], lines 1-7, fig. 3(a), paragraph 
[0056], lines 1-17, fig. 3(b), paragraph [0057], lines 1-15, fig. 5(a), paragraph [0061], 
lines 1-11, paragraph [0062], lines 1-12). 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Don Williams whose telephone number is 571-272- 
8538. The examiner can normally be reached on 8:30a.m. to 5:30a.m.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Dave Porta can be reached on 571-272-2444. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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